High-affinity sucrose uptake in the oral pathogen Streptococcus mutans is mediated by the phosphoenolpyruvate-dependent phosphotransferase system. In this report, we provide evidence that a lower-affinity sucrose phosphotransferase system in S. mutans GS-5, previously described by others, is in fact a high-affinity trehalose uptake system that also recognizes sucrose as a substrate.
Sucrose metabolism by the oral pathogen Streptococcus mutans plays at least two roles in the ability of this organism to initiate carious lesions in teeth. (i) Sucrose is a substrate for glucosyltransferases that synthesize extracellular glucans which are important in the colonization of S. mutans in the oral cavity. (ii) Sucrose is an efficient fermentation substrate for S. mutans, leading to excretion of lactic acid, which is responsible in part for the initiation of dental caries (2, 6) . The mechanism and regulation of sucrose uptake in S. mutans has therefore been studied extensively (2a, 4, 5, 8-12) .
Sucrose is taken up in S. mutans by as many as three different uptake systems (2a, 11) . The best-characterized of these is a high-affinity (Ki,m ca. 70 ,uM) phosphoenolpyruvate (PEP)-dependent phosphotransferase system (PTS) which depends on the protein products of the genes scrA, which encodes a sucrose-specific enzyme II of the PTS (8) , and scrB, which encodes a sucrose 6-phosphate hydrolase (7) . A second sucrose PTS with a Km of ca. 250 ,uM was discovered by Slee and Tanzer (11) in a mutant of S. mutans that lacked the high-affinity sucrose uptake system. A third, low-affinity, sucrose uptake system (Ki,, ca. 3 mM) which is independent of the PTS has also been described by a number of workers (4, 10, 11) . As a first step in the characterization of these latter two uptake systems, we have investigated the identity of the lower-affinity sucrose PTS in S. mutans by using a mutant carrying a Mu dE insertion in the scrA gene (8) .
The GS-5 strain of S. mutans used in this study and a derivative of this strain containing a Mu dE insertion in scrA (insertion 188) (8) were provided by H. Kuramitsu. Cells were grown at 37°C to the midexponential phase on TYE-MOPS medium (5) containing the appropriate sugar at 0.4% and were harvested and washed as previously described (5 We have reported that Mu dE insertions into scrA nearly completely abolished sucrose uptake in S. mutans GS-5 when measured at 25 ,uM sucrose (8) . However, some residual sucrose phosphorylation activity dependent on PEP was detected at a sucrose concentration of 0.1 mM in these mutants (8) . Since Slee and Tanzer (11) had reported a second sucrose uptake activity dependent on the PTS, it seemed reasonable that this residual activity in the insertion * Corresponding author. mutants might be due to this system. Therefore, we measured the initial rate of PEP-dependent sucrose phosphorylation in the insertion 188 mutant grown on sucrose as a function of sucrose concentration (0.05 to 0.5 mM sucrose) and calculated an apparent Km of 330 ,uM. This value is similar to that reported by Slee and Tanzer (11) for their high-affinity sucrose PTS mutant and for a second sucrose uptake system observed kinetically in wild-type cells (5) .
Since it seemed unlikely that S. mutans would possess two PTS-mediated uptake systems that were both highly specific for sucrose, we considered the possibility that the loweraffinity sucrose PTS was actually a high-affinity PTS for another carbohydrate, which also recognized sucrose. To test this possibility, we measured PEP-dependent sucrose phosphorylation in mutant 188 at 0.5 mM ['4C]sucrose with and without a 10-fold molar excess (5 mM) of carbohydrates upon which S. mutans is known to grow. The results (Table  1) showed that only fructose and trehalose (x-D-glucopyranosyl-a-D-glucopyranoside) significantly inhibited PEP-dependent phosphorylation of sucrose in mutant 188 under these conditions and that trehalose was the best inhibitor.
The data in Table 1 also show that all of the PEPdependent sucrose phosphorylation observed in mutant 188 could not be due to extracellular hydrolysis of sucrose to glucose and fructose, followed by uptake of these monosaccharides by their own cognate PTSs. Thus, glucose did not inhibit this activity at all, and a 10-fold molar excess of fructose gave only partial inhibition. The strong but not complete inhibition observed with trehalose suggested that at least part of this activity could be due to a trehalosespecific PTS that also accepts sucrose as a substrate. We therefore measured the initial rates of [ sucrose-grown cells (Table 2) . Moreover, the activity in trehalose-grown cells was more completely inhibited by a 10-fold molar excess of trehalose than was the activity in sucrose-grown cells (Table 2 ). In contrast, the wild-type parent strain grown on sucrose had higher PEP-dependent sucrose-phosphorylating activity than did the mutant, and this activity was not significantly inhibited by trehalose. Moreover, the parent strain grown on trehalose had lower sucrosephosphorylating activity than did sucrose-grown cells, but this activity was sensitive to trehalose inhibition ( Table 2) .
The results in Table 2 are most easily explained as follows. The wild-type strain contains both the high-affinity sucrose PTS, which is inducible by sucrose (9, 12) , and the inducible trehalose PTS, which also recognizes sucrose as a substrate. After growth on sucrose, most of the PEP-dependent sucrose-phosphorylating activity of wild-type cells is due to the high-affinity PTS and is not inhibited by trehalose. After growth on trehalose, most of the sucrose-phosphorylating activity in these cells is due to the trehalose PTS and this activity is inhibited by trehalose. The only PEP-dependent (Tables 1 and 2) , it is likely that this residual activity is due to hydrolysis of sucrose by extracellular sucrases, followed by uptake of the fructose so formed by the fructose PTS. This explains in part the partial inhibition by fructose of sucrose phosphorylation in sucrosegrown cells of mutant 188 (Table 1) , although a portion of this inhibition also may be due to a direct effect on the trehalose PTS. In trehalose-grown cells of this mutant, trehalose more completely inhibits this activity (Table 2 ) because the activity due to extracellular hydrolysis of sucrose is a smaller fraction of the overall activity in these cells.
In this report, we have provided evidence for a trehalosespecific PTS in S. mutans GS-5 that also recognizes sucrose with low affinity. To further characterize this system, it will be necessary to synthesize radiolabeled trehalose (1) and to attempt to isolate mutants (3) in this uptake system. These experiments are in progress in our laboratory.
